major goal of wheat breeding programs, and little is known about genetic diversity in the traits of winter wheat germplasm. A set of 299 hard winter wheat germplasm from the Great Plains was evaluated during two growing seasons in Oklahoma and 15 forage-related traits were evaluated. There were significant (P < 0.0001) genetic variations in all the traits but effects of environment and germplasm × environment interaction were significant for seven and eight traits, respectively. A significant portion of the variation for forage traits was due to genetics, indicating an ability to breed for improved forage traits. Dry matter yield (DMY, kg ha ) ranged from 161 for OK05108 to 268 for Nuplains. When crude protein yield (kg ha -1 ) was considered, Sturdy2K was the best germplasm, followed by 2180 and OK1068009. State of origin of the germplasm was also a significant source of variation for most of the traits. Heading date was positively and negatively associated with CP and DMY, respectively. This study identified significant genetic variations of the hard winter wheat germplasm for forage traits and the results of this study could provide useful guidelines for winter forage wheat breeding programs.
million ha in the United States, of which approximately 49% was planted in the southern Great Plains, including Oklahoma (2.1 million ha), Kansas (3.9 million ha), and Texas (2.4 million ha) (USDA National Agricultural Statistics Service; http://quickstats.nass.usda.gov/). In the southern Great Plains, winter wheat has been grown for grain only, forage only, or both forage and grain (Carver et al., 2001; Epplin et al., 2000) . Zhang et al. (2004) reported that about 70% of winter wheat grown in Oklahoma was managed for winter forage production including grazing or hay production, and Hossain et al. (2004) reported that approximately 49% of the winter wheat was managed for dual purposes. Stichler and Livingston (1999) previously stated that a major advantage of winter wheat compared with other small grain species that could be grown for winter forage production is its excellent tolerance to abiotic stresses including cold and drought. In addition, wheat forage has relatively high nutritive values including high protein, energy values, minerals, and low fiber concentrations, compared with barley (Hordeum vulgare L.), oat (Avena sativa L.), and rye (Secale cereale L.) forages. Generally, forage yield of winter wheat from late November to early March is more consistent and productive than that of the other species (Denman and Arnold, 1970; Watson et al., 1993) . Bockus et al. (2001) and Watson et al. (1993) mentioned that susceptibility of winter wheat to Hessian fly [Mayetiola destructor (Say)], leaf rust (incited by Puccinia triticina), and several virus diseases could be obstacles for successful winter forage production, especially in early planted regions. In addition to its susceptibility to the biotic stresses, wheat is susceptible or less tolerant to abiotic stress such as acidic soils with a pH less than 5.5 and resultant high Al concentration compared to the other small grains (Bona et al., 1995; Kariuki et al., 2007; Zhang and Raun, 2006) . Prasad and Power (1997) and Sparks (2003) reported that soil acidity caused by the nitrification process, organic matter decomposition, and acid rain has been a major limitation on winter forage production in the southern Great Plains. Therefore, development of winter wheat varieties tolerant to acidic soil and high Al concentration is one of the important goals for the winter wheat breeding programs, especially in the southern Great Plains ( Johnson et al., 1997) .
Winter wheat breeding and research programs in the United States have traditionally targeted improved grain yield and quality for human consumption (Arzadún et al., 2006; Carver et al., 1991; Carver et al., 2001; Winter and Thompson, 1990) . On the other hand, forage associated traits such as forage yield and nutritive value have not been major breeding goals in winter wheat breeding programs (Kim and Anderson, 2015) . Although there have been efforts to develop dual-purpose varieties in the southern Great Plains, the priority has been the improvement of grain yield and quality rather than forage yield and quality. Atkins et al. (1969) mentioned that winter wheat varieties for forage production should be developed through breeding programs for forage wheat because forage and grain yield were different traits and they had no positive correlation. Recently, Kim and Anderson (2015) reported significant effects of germplasm, clippingdate, and environment on forage production of winter wheat based on three year field-trials. They also identified significant variations in crude protein (CP), minerals, fiber, and nutritive value as well as correlations among the traits. However, most of the winter wheat germplasm tested in the study was targeted to be grown in southern Oklahoma. There is little information on the diversity of winter wheat germplasm for winter forage production and thus, continuous screening of more diverse germplasm is needed. The objectives of this study were to (i) evaluate 299 Great Plains hard winter wheat germplasm for 15 forage associated traits, (ii) identify effects of germplasm and environment on the traits, and (iii) select superior germplasm with a potential to be used for winter forage wheat breeding programs.
MATERIALS AND METHODS

Plant Materials
Two hundred and ninety-nine winter wheat germplasm comprising the Triticeae Coordinated Agricultural Project (http:// www.triticeaecap.org) hard winter wheat association mapping panel were used in this study. The germplasm were originated from 10 public and four private breeding programs across the Great Plains. Each germplasm was included based on its significance in production and/or contribution to the pedigree of contemporary germplasm (Guttieri et al., 2015) . The germplasm collection includes important ancestral lines, commonly grown cultivars, and 82 advanced breeding lines from public breeding programs. It is composed of 41 hard white wheat and 258 hard red wheat germplasm. Most of the germplasm have awned spikes, bright grain chaff, and semi-dwarf stature. Among the germplasm, Cheyenne (CItr 8885; Clark, 1931) , Kharkof (CItr 6700; Clark et al., 1926a) , Turkey (plant introduction [PI] 11610; Clark et al., 1926b) , and Wichita (CItr 11952; Clark, 1945) are historically important parents of many hard red winter wheat breeding programs in the United States (Fufa et al., 2005) .
Field Trials
Experiments were conducted during two growing seasons in southern Oklahoma. In 2012-2013 (referred to as the 2012 season), the 299 wheat germplasm were tested at the Noble Foundation-Headquarters farm located in Ardmore, OK. In 2013-2014 (referred to as the 2013 season), the trial was conducted at the Noble Foundation-Dupy farm located at Gene Autry, OK. Soil type at Headquarters farm is classified as Heiden clay, and soil type at Dupy farm is classified as Dale silt loam, according to the 2013 USDA-NRCS web soil survey (http://websoilsurvey.sc.egov.usda.gov). Soil pH (7.0 and 6.8 at represent the less digestible fiber portion of forage and are negatively related to digestibility and intake potential (Reid et al., 1988; Mertens, 1987) . The WSC (fructans and starches) are completely digestible and have an important role in animal nutrition, as they are a primary source of the readily available energy necessary for efficient microbial fermentation in the rumen (Evans et al., 2011) . However, the correlation coefficient between sugar concentration and WSC was 1.00, so only WSC would be mentioned in results and discussion.
Statistical Analysis
To determine the effects of genotype (germplasm), environment, and their interaction on the forage traits, the field trial data was analyzed using the PROC MIXED in SAS 9.3 (SAS Institute, 2011). Multiple comparisons among the germplasm means were conducted using the least significant difference (LSD) test in PROC MIXED with the PDIFF option of the LSMEANS statement. The LSMEANS were separated using the macro PDMIX 800 (Saxton, 1998) at P = 0.05 probability level. In the analysis, germplasm, environment, and the germplasm by environment interaction were considered as fixed effects while replication (nested within the environment) was considered a random effect. The PROC CORR function of SAS was used to estimate Pearson's correlation coefficients (r) among the phenotypes. Broad-sense heritability (H 2 ) of each forage trait was calculated based on the results from PROC GLM in SAS 9.3 (Hill et al., 1998) .
In addition to the above analysis, effects of origin (the states where the germplasm were developed), seed color (red or white), semi-dwarf stature, and year of release (1: before 1970, 2: 1971-1980, 3: 1981-1990, 4: 1991-2000, 5: 2001-2005, and 6: after 2006) on the forage traits were determined by PROC MIXED. For this analysis, germplasm with detailed information on the above factors were only analyzed. One hundred and ninety-one germplasm registered in the national plant germplasm system (NPGS) were used for the analysis while advanced breeding lines were removed.
RESULTS
Means, Comparisons, and Correlations of the Forage Traits in 299 Hard Winter Wheat Germplasm
Across the two seasons, there were significant effects of germplasm (P < 0.0001) and environment (P = 0.0065) on DMY while germplasm × environment interaction was not significant (Supplemental Table S4 Table   Dupy and Headquarters farms, respectively), minerals (K, Ca, and Mg), and sodium concentrations in the both farms were all normal and adequate for wheat production based on the soil tests (Supplemental Table S1 ). However, nitrogen fertilizer was applied twice at the Headquarters farm in the 2012 season, with 56 kg of actual N ha -1 as pre-plant fertilization and in January as a topdressing application to meet adequate nitrogen level for winter wheat production. Irrigation was only used after planting to ensure uniform germination with 1.3 cm, and no irrigation was applied during all growing periods in the both seasons. There were differences in precipitation and temperature between the two seasons (Supplemental Table S2 ). No insecticide and fungicide were applied during the two seasons.
All plots were arranged by a randomized complete block design with two replications at each location. Seeds were planted in seven-row plots 1.5 m wide by 3.0 m long with 0.18 m between rows. According to the 1000 seed weight of each germplasm, ~100 to 134 kg of pure live seed was sown per hectare, which corresponded to 800,000 seed ha
, at 2.5-cm depth by using a HEGE 500 drill (Wintersteiger, Salt Lake City, UT). Seeds were planted in a conventional clean-tilled seedbed on 11 and 12 Oct. 2012 in the first season and on 3 and 4 Oct. 2013 in the second season.
In both seasons, forage samples were collected during Feekes stage 4-5 or Zadoks 30 although there was a little variation among the germplasm. However, all germplasm were in vegetative growth and tillering stages. In the 2012 season, forage samples were collected on 6 and 7 Mar. 2013. The plots were harvested using a HEGE 212 sickle bar forage plot harvester (Wintersteiger, Salt Lake City, UT) with a 7.6-cm height in middle five rows. During the 2013 season, forage samples were harvested on 13 Mar. 2014 and were collected in middle three rows by grass shear (Makita, La Mirada, CA). The harvested samples were first weighed and then dried in a forced air oven at 60°C for at least 72 h. After re-weighing the dried samples to estimate dry matter (DM), the samples were ground to 1 mm using a Wiley Mill (Thomas Scientific, Swedesboro, NJ) for forage nutritive characteristic analysis. Heading date (HD) of each plot was scored on a scale of 1 to 5, with 1 designated as plants have the earliest HD (heading 98 to 102 d after planting), 2 (103 to 108 d), 3 (109 to 114 d), 4 (115 to 120 d), and 5 as plants have the latest HD (heading 121 to 127 d after planning). After plant maturation, plant height (HT) of each plot was measured as the average distance (cm) from the soil surface to the apex of the main stem including awns.
Forage Nutritive Value Analysis
The FOSS 6500 near-infrared reflectance spectroscopy (NIRS; Foss, Silver Spring, MD) was used to estimate nutritive characteristics of forage samples. The NIRS calibration equation parameters (mean, standard error of validation, and r 2 ) for nutritive characteristics are presented in Supplemental Table  S3 . For each forage sample, acid detergent fiber (ADF), ash, CP, lignin, neutral detergent fiber (NDF), sugar, water soluble carbohydrates (WSC), and the minerals including Ca, K, Mg, and P were estimated. Crude protein yield (CPY, kg ha -1 ; CP × DMY; Gill et al., 2013a) was calculated by using the measured NIRS parameters listed above. The ADF (sum of cellulose and lignin) and NDF (sum of cellulose, hemicellulose and lignin) 6.1 ± 0.03 7.0 ± 0.03 6.5 ± 0.02 0.43
2.7 ± 0.01 3.0 ± 0.02 2.9 ± 0.01 0.26
19.9 ± 0.09 20.4 ± 0.10 20.1 ± 0.07 0.37
2.5 ± 0.01 2.5 ± 0.01 2.5 ± 0.01 0.33 Ash g kg -1
71.4 ± 0.5 80.7 ± 0.5 76.0 ± 0.4 0.36 † Scale of 1 to 5: 1 = earliest heading date, and 5 = latest heading date. South Dakota, BigSky (PI 619166) from Montana, NuSky (PI 619167) from Montana, and Kharkof (PI 5641) collected in Ukraine presented the latest heading date (score 5.0). Heading date was significantly and negatively correlated with DMY, CPY, lignin, ADF, and NDF while it had positive associations with CP concentration (Table 3) .
There were significant effects of germplasm (P = 0.0003 for CP and P < 0.0001 for CPY) and environment (P = 0.05 for CP and P = 0.004 for CPY) on CP and CPY, but germplasm × environment interaction was not significant for either trait (Supplemental Table S4 ). The mean CP and CPY in the 2013 season were significantly greater than that in the 2012 season. The H 2 of the CP and CPY were 0.24 and 0.35, respectively ( Table 1 ). The mean CP of the 299 wheat germplasm was 204 g kg -1 and it ranged from 161 g kg -1 for OK05108 to as much as 268 g kg -1 for Nuplains (PI 605741) ( Table 2 ; Supplemental Table S1 ). Across the seasons, the mean CPY of the germplasm was 486 kg ha -1 and it ranged from 234 kg ha -1 for Cheyenne to 823 kg ha -1 for Sturdy2K (Table 2 ; Supplemental Table S4 ). The CP showed significant and positive correlations with DMY, CPY, Ca, P, K, Mg, ash, HT, and HD while it was negatively correlated with ADF, NDF, and WSC (Table 3) . The correlation between CPY and DMY was greater than the correlation between CPY and CP.
There was a significant effect (P < 0.0001) of germplasm on lignin concentration while environmental effect and germplasm × environment interaction were not significant for that trait (Supplemental Table S4 ). Across the seasons, the mean lignin concentration of the 299 wheat germplasm was 25.2 g kg -1 and the mean in the 2013 season (25.8 g kg ) was significantly greater than that in the 2012 season (24.6 g kg -1
). Its H 2 based on the two seasonal field S4). The top ten highest yielding wheat germplasm lines included only one non-semi-dwarf type, OK1068009, five originated from Texas, and two originated from Oklahoma. Based on the Pearson's correlation coefficients analysis among the forage traits, DMY was significantly and positively correlated with CP, CPY, ADF, NDF, Ca, Mg, K, and P (Table 3 ). The DMY was negatively correlated (P < 0.0001) with HD and WSC. Plant height was significant for germplasm (P < 0.0001), environment (P = 0.0002), and germplasm × environment interaction (P < 0.0001) (Supplemental Table S1 ). The mean HT of the 299 germplasm was 76.2 cm and the mean in the 2013 season (87.4 cm) was significantly taller than that (65.3 cm) in the 2012 season ( Table 1) . The H 2 of the HT was 0.64. Across the two seasons, advanced breeding line OK05303 (94.0 cm) from Oklahoma was the tallest, followed by CO0503372, and Hume (CItr 13526), while Hail (PI 470927) from Colorado was the shortest (62.2 cm). Among the top 20 in terms of HT, 14 germplasm were released before 1980. The HT was significantly and negatively correlated with HD and WSC while it was positively associated with the other forage traits (Table 3) .
Heading date had significantly (P < 0.0001) affected by both germplasm and germplasm × environment interaction (Supplemental Table S1 ). The mean heading date of the 299 germplasm was 2.54 (on a 1 to 5 scale) and there was no difference between the means in the first and second seasons (P = 0.08). The H 2 of the heading date was 0.80 (Table 1) . Across the two seasons, four germplasms bred in KS, HV9W03-1551WP, Jagger (PI 593688), Karl92 (PI 564245; Sears et al., 1997) , and Arlin (PI 564246) had the earliest heading date (score 1.0). Rose (CItr 17795) from Table 3 . Pearson's correlation coefficients between pairs of the forage associated traits in the 299 hard winter wheat germplasm. trials was 0.54 (Table 1 ). The lignin concentration varied from 19.0 g kg -1 for SD05W018 to 32.0 g kg -1 for Mit (Table 2; Supplemental Table S4 ) and it showed significant positive correlations with ADF, NDF, Mg, and ash, but negative correlations with K and HD (Table 3) .
Acid detergent fiber and NDF of the wheat germplasm were affected by germplasm (P < 0.0001), environment (P = 0.02 for ADF and P = 0.04 for NDF), and germplasm × environment interaction (P = 0.03 for ADF and P = 0.02 for NDF) (Supplemental Table S4 ). Across the seasons, the means of ADF and NDF were 186 g kg -1 and 386 g kg -1 , respectively and their H 2 were higher than 50% (Table 1) . Sturdy2K had the greatest ADF (240 g kg -1
) and NDF (450 g kg ) had the least value of ADF and NDF, respectively (Table 2 ). NuSky (PI 619167), BigSky (PI 619166), Carson (PI 501534), and OK1067071 were common germplasm with the least ADF and NDF (Table 2 ). Both ADF and NDF had positive correlations with DMY, lignin, Ca, Mg, K, P, ash, and HT while they had negative correlations with CP, WSC, and HD (Table 3) Across the seasons, mineral concentrations differed (P < 0.0001) among the genotypes (Supplemental Table  S4 ). The environmental effect was only significant for Ca (P = 0.01) concentration and germplasm by environment interaction was significant for Ca (P = 0.02) and K (P = 0.04) concentrations. Across the two seasons, Judee (PI 665277) had the greatest Ca concentration, OK05830 had the greatest Mg, and ThunderCL (PI 655528) had the greatest concentration of both P and K among the 299 germplasm (Table 2; Supplemental Table S4 ). On the contrary, TX05V7269 presented the least Ca concentration and NE05496 had the least Mg, K and P concentrations. The H 2 of the mineral concentrations ranged from 0.26 for Mg to 0.43 for Ca (Table 1 ). The mineral concentrations were significantly and positively correlated with DMY, CP, ADF, NDF, ash, and HT but they were negatively correlated with WSC (Table 3) .
Water soluble carbohydrates were significantly (P < 0.0001) affected by germplasm and germplasm × environment interaction (P = 0.004) (Supplemental Table  S4 ). No environmental effect was significant for the trait. The mean for WSC of the 299 wheat germplasm was 167 g kg -1
. The WSC in the 2012 season was significantly greater than that in the 2013 season and its H 2 was 0.42 (Table 1) . NE05496 had the greatest concentration for WSC (216 g kg -1
) while Judee had the least value of the trait (123 g kg -1 ) ( Table 2; Supplemental Table S4 ). The WSC showed significant negative correlations with all the traits except lignin concentration (Table 3) .
Effects of Origin, Seed Color, Semi-Dwarf Stature, and Release Year on Forage Traits
Overall, the origin of the germplasm had an effect on 11 forage traits; exceptions were ash, Mg, and WSC concentrations. There were significant effects of origin (P < 0.0001) and year of release (P = 0.014) on DMY. Germplasm from Texas had the greatest DMY (2455 kg ha (Table 4) . Semi-dwarf type produced more DMY (2224kg ha -1 ) than non-semi-dwarf type (2141 kg ha -1 ) but the difference was not significant. To compensate for short HT, the semi-dwarf type might have more tillers or larger leaf areas than lines without semi-dwarf alleles. Measurements of tiller number and leaf area would be needed for further studies to determine if this were the case. Germplasm released after 2006 produced the greatest DMY and germplasm released before 1970 produced the least DMY. Based on the present study, average DMY has steadily increased from 2033 kg ha -1 (germplasm released before 1970) to 2334 kg ha -1 (germplasm released after 2006) with an annual increase of 10 kg ha -1 (based on 30 yr between 1970 and 2010) while HT showed an opposite trend (P = 0.002). Although there was a significant and positive correlation between DMY and HT (r = 0.35, P < 0.0001), other important agronomic 2.58a 2.50b 2.51b 2.59a 2.55ab 2.53ab 2.51ab 0.04 † Trait abbreviations: DMY, dry matter yield; HT, plant height; HD, heading date; CP, crude protein; CPY, crude protein yield; ADF, acid detergent fiber; NDF, neutral detergent fiber. ‡ Multiple comparisons among the origin means were performed using the least significant difference (LSD) test in PROC MIXED. The LSMEANS were separated assigned using the macro PDMIX 800 (Saxton, 1998) at P = 0.05 probability level. Means followed by the same letters in each row are not significantly different at P = 0.05 probability level.
and forage traits in modern wheat cultivars such as tiller number, leaf area, and lodging tolerance might have more important roles in the improvement of DMY.
The origin (P = 0.0009), year of release (P = 0.002), and semi-dwarf stature (P = 0.005) had significant effects on the HT, but seed color had no effect. As expected, germplasm released before 1970 were the tallest (80.0 cm) and germplasm released between 1991 and 2000 were the shortest (75.9 cm). Across the two seasons, the semi-dwarf type had a mean HT of 74.7 cm and non-semi-dwarf type averaged 82.3 cm under the tested environments of southern Oklahoma.
The origin (P < 0.0001) and year of release (P = 0.0002) were significantly associated with the HD, but semidwarf stature and seed color were not. Germplasm from Texas had the earliest HD (2.09) while germplasm from Montana had the latest HD (4.15). Germplasm released between 2001 and 2005 had the earliest HD (2.60) and germplasm released before 1970 had the latest HD (3.25).
Across the two seasons, origin effect was significant for CP (P = 0.0009) and CPY (P = 0.0002) while semidwarf stature, year of release and seed color did not affect the traits. Germplasm from Montana had the greatest CP (222 g kg , Table 4 ). Germplasm from Texas and Oklahoma had the greatest CPY due to their high DMY while germplasm from South Dakota produced the least CPY due to its poor DMY (Table 4) .
The origin (P < 0.0001) and year of release (P = 0.02) were significantly associated with the lignin concentration, but seed color and semi-dwarf stature were not. Texas germplasm had the greatest lignin concentration (26.2 g kg -1
), followed by Colorado germplasm (25.2 g kg ). For reference, germplasm released before 1970 had 24.6 g kg -1 of lignin concentration. The origin had a significant (P < 0.0001) effect on fiber concentrations represented by ADF and NDF. The effects of year of release and semi-dwarf stature were not significant for any of the fiber traits. Germplasm from Texas had the greatest ADF (195 g kg ) and NDF (400 g kg ) while germplasm from Montana had the least concentrations of the two traits, 171 and 367 g kg , respectively (Table 4) . There was a significant effect of origin on Ca (P = 0.03), K (P = 0.04), and P (P = 0.02) concentrations. Seed color had a significant effect only on P concentration (P = 0.03). White seed color type had 2.57 g kg -1 of P concentration while red type had 2.51 g kg -1
. Non semi-dwarf type had a significantly (P = 0.04) higher Ca concentration (6.73 g kg -1
) than semi-dwarf type (6.59 g kg -1
). Germplasm from Montana had the greatest Ca concentration (6.8 g kg ). In the case of P concentration, germplasm from Colorado had the greatest (2.59 g kg -1
) and germplasm from Oklahoma had the least concentration (2.50 g kg -1
) (Table 4) .
DISCUSSION
Winter wheat could provide good quality forages during late fall to spring when warm-season grasses are not grown due to freezing temperatures. About 49% of winter wheat grown in the United States during 2014 was planted in the southern Great Plains including Oklahoma, Kansas, and Texas (USDA National Agricultural Statistics Service; http://quickstats.nass.usda.gov/). As a promising source of winter forage production, development of winter wheat varieties with consistent forage yield and adequate nutritive characteristic would be the primary goals of winter forage wheat breeding programs and would play an important role in the animal production. In addition to winter forage production, winter wheat could be grown for dual-purposes (forage and grain production) through proper managements such as early planting and more nitrogen application.
Along with DMY, CP concentration in the forage is the key factor to determine winter feed value (Gill et al., 2013b) . The two key factors could be represented by CPY. Adequate protein supply to cattle during winter periods is important for animal health and productivity as well as high protein concentration is also positively correlated with profitability from hay production (Kim et al., 2016) . The historical germplasm Cheyenne produced the least amount of DMY and CPY although its CP concertation ranked 236th out of the 299 germplasm (Table 2;  Supplemental Table S4 ). On the contrary to Cheyenne, STURDY_2K (PI 636307) produced the greatest DMY and CPY although its CP concertation ranked 211th out of the 299 germplasm (Table 2; Supplemental Table S4 ). In this study, there was a trend that germplasm with great DMY are likely to have great CPY, partially described by the strong correlation between DMY and CPY than CP and CPY (Table 3) . Germplasm released before 1970 including the historical lines were tallest but they produced the least DMY (Supplemental Table S4 ). The least DMY of the old germplasm might be caused by less tiller number or bad lodging. Future study is needed to test what kinds of agronomic and phenotypic traits are closely associated with winter forage production.
The ADF (sum of cellulose and lignin) and NDF (sum of cellulose, hemicellulose and lignin) represent the less digestible fiber portions and are negatively correlated with digestibility potential for the animal (Reid et al., 1988; Mertens, 1987) . Generally, lignification of the forage fiber continuously increases with advancing growth stages while the amount of digestible ADF and NDF decrease.
Therefore, we might guess that germplasm with low ADF and NDF values are likely to have good forage digestibility. Winter wheat germplasm such as 2180 and Bill_Brown with highest DMY, CP, CPY, lowest NDF and ADF concentrations would be desirable for future breeding programs to maximize nutritive digestibility.
The proportion of the total genetic variation to the total phenotypic variation is known as H 2 . The H 2 of the 15 forage traits ranged from 0.24 to 0.80 (Table 1) . Heading date had the greatest H 2 (0.80), followed by HT (0.64), and DMY (0.58) ( Table 1) . Six of the 15 traits had H 2 > 0.5, indicating that the forage traits could be effectively improved by phenotypic selection in breeding programs. Although CP had the lowest H 2 (0.24), followed by Mg (0.26) and P (0.33) (Table 1), genetic variation of the three traits was statistically significant (P < 0.0001). Therefore, there is still potential to improve these traits by selection in breeding programs, although progress for the traits would be expected to be inefficient and slower than the other traits with higher H 2 . ThunderCL, with the greatest K and P concentrations, and NE05496, with the least values for the traits, could be used as parents of mapping populations for identifying QTL associated with P and K concentrations in wheat forage.
CONCLUSIONS
To identify valuable germplasm for target traits through appropriate evaluation methods and tests in multipleenvironments is the most important starting point in all crop breeding programs. Several germplasms in our study had desirable forage traits (especially great DMY, CP, and CPY) and showed a great potential to be used as important sources of breeding programs for great forage yield and nutritive characteristics the Great Plains. The next steps are to (i) use these germplasm for developing breeding and mapping populations, (ii) analyze the inheritance of desired traits, dissecting the genetic components, and (iii) identify the favorable alleles present in the germplasm for markerassisted breeding. The key finding of this study is that the hard winter wheat germplasm developed for grain production has the wide variation in forage traits and could serve as a useful reservoir of beneficial alleles for forage wheat breeding programs. Additional field trials would be needed to check whole season forage production of the germplasm. Continuous germplasm screening including exotic PIs will also be required to improve the genetic diversity of the hard winter wheat gene pool in North America. Assessment of genetic diversity using molecular markers and genomewide association study could be the next step to identify associations between the phenotypic variation and genetic diversity, and results of the study could facilitate markerassisted selection in forage wheat breeding programs.
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